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Although percutaneous ablation of small renal masses is generally safe, interventional
radiologists should be aware of the various complications that may arise from the
procedure. Renal hemorrhage is the most common significant complication. Additional
less common but serious complications include injury to or stenosis of the ureter or
ureteropelvic junction, infection/abscess, sensory or motor nerve injury, pneumotho-
rax, needle tract seeding, and skin burn. Most complications may be treated conserva-
tively or with minimal therapy. Several techniques are available to minimize the risk of
these complications, and patients should be appropriately monitored for early detection
of complications. In the event of a serious complication, prompt treatment should be
provided. This article reviews the most common and most important complications

radiology

Objectives: Upon completion of this article, the reader will be
able to identify complications following of percutaneous
ablation of renal tumors and the treatment methods used
to address such complications.
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Percutaneous treatment of small renal masses is evolving,
with treatment generally reserved for poor surgical candi-
dates; surgical resection remains the first-line therapy for
limited renal cell carcinoma (RCC). Patients who are ineligible
for or decline surgery may be treated with percutaneous
ablation or observed. Despite the presumably more invalid
patient population selected for renal ablation compared with
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associated with percutaneous ablation of small renal masses.

surgery, major complications are infrequent and generally
manageable.

This review summarizes the data regarding complications
from trials of the ablation technologies most commonly used
to treat renal masses, specifically radiofrequency ablation
(RFA) and cryoablation. Examples of the most common
complications to occur during renal mass ablation are pro-
vided. Techniques to minimize risk of these complications
and manage their outcome are also discussed.

Classification of Complications

The revised Clavien-Dindo classification system is now
commonly applied to complications from renal mass abla-
tion.' This surgical classification system grades complica-
tions I to V based on deviation from the expected
postoperative course and the level of intervention required
for management of the complication. Specifically, a grade I
complication does not require intervention; a grade II
complication requires pharmacologic intervention; a grade
Il complication requires surgical, radiologic, or endoscopic
intervention; a grade IV complication is a life-threatening
complication requiring intensive care unit management; and
a grade V complication is death.
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Various authors have classified complications using other
systems, including the Society of Interventional Radiology
classification system and the Common Terminology for Clas-
sification of Adverse Events established by the National
Cancer Institute.*> However, as the urologic community
has increasingly embraced the revised Clavien-Dindo system
in its literature and as clinical guidelines compare nephron-
sparing interventions for small renal masses based on com-
plication rates, acceptance of and facility with the revised
Clavien-Dindo system seems prudent.>®

Overall Frequency of Complications

Complications following renal ablation are seen infrequently.
A multi-institutional review of 271 RFA and cryoablation
procedures demonstrated an overall complication rate of
11%.” However, inclusion of both intraoperative and percuta-
neous treatments in this review confounds interpretation of
the outcomes. A meta-analysis comparing percutaneous and
surgical renal ablation procedures found a significantly lower
major complication rate of 3.1% for percutaneous ablation
versus 7.4% for surgical cases.® Review of several large series
of percutaneous renal RFA from the literature reveals an
overall complication rate of 8 to 13% with major complication
rates of 4 to 6%.%~'" Review of the literature also demonstrates
a 5 to 7% major complication rate following percutaneous
renal cryoablation.'?-14

Risk Factors for Major Complications

Arecent review of complications following 573 renal ablation
procedures at the author’s institution included 254 RFAs, 311
cryoablation procedures, and 8 combined procedures.! The
overall complication rate was 11.3% (65/573), and the major
complication rate was 6.6% (38/573) procedures. Major com-
plications occurred more commonly following cryoablation
(7.7%; 24/311) than RFA (4.7%; 12/254) (p = 0.15). Risk
factors for major complications included: advanced patient
age, increased tumor size, increased number of applicators
(cryoprobes), and central location of the target renal mass;
advanced patient age was also a risk factor for a major
complication. The overall increased risk of complications
with cryoablation in this series is likely the result of selection
bias, as larger tumors and tumors extending centrally in the
kidney were more likely to be treated with cryoablation. A
review of percutaneous ablation procedures on renal masses
measuring 3.0 cm or smaller showed no difference in major
complication rates between RFA (4.3%, 10/232) and cryoa-
blation (4.5%, 8/176)."° In interesting contrast to surgical
outcomes, one study has shown a similar incidence of com-
plications in morbidly obese patients compared with normal
weight patients.'®

Complication Types

Complications following renal tumor ablation may occur as a
result of injury to the kidney, including its vasculature and
the upper urinary tract collecting system, or injury to the
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surrounding structures. Urologic complications include hem-
orrhage, ureteral stricture, urine leak, and urinary tract
infection. Nonurologic complications include pneumothorax,
nerve injury, skin burn, tract seeding, and other less common
medical events.

Hemorrhage and Renal Vascular Injury

At least some element of hemorrhage is an expected outcome
following percutaneous puncture and ablation of a renal
mass. Most scans during or immediately following renal
ablation procedures will show evidence of perinephric hem-
orrhage, regardless of the ablation technology used. If intra-
venous contrast is administered immediately after
cryoablation, bleeding may be seen along the applicator
tracts (=Fig. 1). Significant hemorrhage may manifest as a
large retroperitoneal hematoma on imaging, hemodynamic
disturbance during or following ablation, or symptomatic
anemia or hematuria. Alternatively, postablation imaging
may reveal evidence of significant vascular injury, such as
intraparenchymal pseudoaneurysm or arteriovenous fistula
(=Fig. 2). Asymptomatic hematuria may occur postablation,

Figure 1 Active extravasation along cryoprobe tracts. (A) Coronal
reformatted unenhanced CT during cryoablation shows two of three
cryoprobes placed in a 3.7-cm central mass in the right mid kidney of a
72-year-old man. (B) Coronal reformatted contrast-enhanced CT shows
active contrast extravasation along the probe tracts (arrows). The
patient remained hemodynamically stable, despite a 3.1-g/dL drop in
hemoglobin. No expansion of the initially large hematoma was dem-
onstrated on two serial CTscans at 20 and 90 minutes postablation. No
transfusion or embolization was performed. CT, computed
tomography.
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Figure 2 Renal arterial pseudoaneurysm and arteriovenous fistula
following radiofrequency ablation. (A) CT shows an electrode in a right
renal mass in a 70-year-old woman. (B) DSA image of the right kidney
shows a pseudoaneurysm in the right renal hilum (black arrow) as well
as early filling of the right renal vein (white arrow). (C) DSA image
showing control of the vascular injury postembolization. CT, com-
puted tomography; DSA, digital subtraction angiographic.

but hematuria resulting in ureteral obstruction can be of
particular importance in patients with solitary kidneys.
Hemorrhage is more commonly seen following renal
cryoablation than RFA, occurring in one series in 4.8% of
cryoablation procedures compared with 1.2% of RFA proce-
dures in other series." Thermal coagulation induced by radio-
frequency electrodes likely decreases hemorrhage following
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Figure 3 Hemorrhage from ice ball fracture. (A) Contrast-enhanced
CT before cryoablation shows a central 4 cm left renal mass (arrow) in
an 84-year-old woman. (B) During cryoablation, a fracture (arrows)
developed within theice ball, observed early in the second freeze cycle.
(C) As expected, following the cryoablation, a large retroperitoneal
hemorrhage developed (arrows). The patient remained hemodynam-
ically stable, despite a hemoglobin drop of 2 g/dL, and did not require
treatment. CT, computed tomography.

RFA, and cryoprobes have generally been of larger caliber
than most RFA electrodes. Platelet function is also compro-
mised at low temperature.'” Additional risk factors for hem-
orrhage following renal cryoablation include large tumors,
central tumors, and an increasing number of applicators. Ice
ball fracture during cryoablation may portend a bleeding
complication (~Fig. 3).'8
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Minor, asymptomatic hemorrhage following renal ablation
may be seen. Serial CT scans immediately following ablation
and frequent assessment of patient hemodynamics may
determine the necessity of intervention. The threshold for
intervention may differ between patients based on underly-
ing comorbid disease, such as anemia and coronary artery
disease. Hemodynamic disturbance may prompt angiography
with embolization as well as volume support or blood trans-
fusion. Significant hematuria may require bladder catheteri-
zation and irrigation. Anuria following ablation in a solitary
kidney is often due to ureteral obstruction, warranting ure-
teral stent placement.

Urothelial Injury

Thermal injury to the urothelium has been reported more
frequently following RFA than with cryoablation. Early series
of renal mass RFA report several cases of stenosis of the
proximal ureter or ureteropelvic junction related to the
unrecognized risk of thermal injury to the urothelium.’-8%1
In some cases, such an injury may lead to severe renal
dysfunction or loss of the renal unit.” The proximal ureter
is most prone to injury during ablation of medial, lower pole
renal masses (=Fig. 4). Direct puncture or thermal injury of
the collecting system can lead to urine leak in addition to
stricture. Animal studies have suggested that cold-induced
urothelial injury during cryoablation is less common than
injuries from heat-producing modalities.'®-2

Retrograde pyeloperfusion, using slow infusion of 5%
dextrose in water through a ureteral stent, has been advocat-
ed to minimize the risk of ureteral injury.?! A ureteral stent
placed before ablation also improves visualization of the
ureter and may allow better monitoring of its proximity to
the ablation zone. Gentle cryoprobe retraction after the first
few minutes of freezing can displace the kidney within the
retroperitoneal fat and increase the distance between the ice
ball and the ureter.?? In patients felt to be at high risk for
ureteral stricture, particularly those in which the ablation
zone clearly abuts or includes the proximal ureter, a tempo-
rary indwelling ureteral stent may be left in place for several
weeks as the urothelium heals.

Urinary leaks may be seen immediately postablation and
are usually self-limited (=Fig. 5). Rarely, percutaneous drain-
age of a persistent urinoma and/or temporary placement of a
ureteral stent for diversion may be required.’

Infection and Bowel Injury

Infection is a potential complication of any percutaneous
ablation procedure. Infection involving the ablation zone or
urinary tract occurs in fewer than 1% of cases.'-®-?3 Particu-
larly serious are infections related to bowel injury. Ablation
into the bowel wall can cause perforation and lead to
development of a colonephric fistula (~Fig. 6). These in-
fections may require percutaneous drainage or surgical
repair.

Several maneuvers may be performed to avoid injury to
bowel adjacent to the target renal mass. Patient repositioning
can lead to a greater distance between bowel and the renal
mass.>>?4 Alternatively, displacement techniques, such as
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Figure 4 UP] stricture following renal RFA. (A) Contrast-enhanced CT
shows a 1.5-cm mass in the left mid kidney (arrow) of a 46-year-old
man. Percutaneous RFA was proposed due to significant medical
comorbidities and history of left partial nephrectomy for RCC. (B)
Contrast-enhanced CT immediately following RFA shows the ablation
zone encompassing the proximal ureter at the UPJ (arrow). (C) Coronal
delayed contrast-enhanced CT 3 months later shows a dilated left
intrarenal collecting system (arrow) due to UP] stricture. This kidney
eventually became atrophic and nonfunctional. CT, computed to-
mography; RCC, renal cell carcinoma; RFA, radiofrequency ablation;
UPJ, Ureteropelvic junction.

hydrodisplacement with fluid, instillation of gas, or manual
manipulation of the ablation applicator, may create increased
distance between kidney and bowel.232°

Pneumothorax

Pleural transgression may occur when percutaneously treat-
ing an upper pole renal mass in proximity to the lung base,
leading to pneumothorax in some cases (=Fig. 7). The
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Figure 5 Urine leak after renal radiofrequency ablation. (A) Contrast-
enhanced CTshows a 1.7-cm mass in the left mid kidney (arrow) in a 74-
year-old woman status postright partial nephrectomy for RCC. (B)
Unenhanced CT shows an RFA electrode in the tumor with tip at the
renal sinus fat. A small catheter (arrow) is also in place for hydro-
displacement of the adjacent colon. (C) Delayed contrast-enhanced CT
immediately following RFA shows urine leaking along the electrode
tract (arrows). Due to its persistence on delayed imaging the following
day, the urine leak was treated with a ureteral stent for 6 weeks. CT,
computed tomography; RCC, renal cell carcinoma; RFA, radiofre-
quency ablation.

reported incidence of pneumothorax is up to 2%."123 Most
are asymptomatic and self-limited; however, a moderate or
large pneumothorax may require aspiration or chest tube
placement. Intentional pneumothorax to allow transgression
of the pleural space without crossing the lung has been
described in the treatment of a renal mass.?>
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Figure 6 Abscess due to bowel perforation. (A) CT shows a 3.2-cm
mass in the left mid kidney (arrow) in an 81-year-old man. (B) CT during
cryoablation shows the ice ball (arrows) to encroach upon the
descending colon. (C) CT immediately postablation shows complete
ablation of the mass. (D) CT performed 2 months later shows a large
abscess in the left retroperitoneum and chest wall (arrows), commu-
nicating with the ablation zone, presumably related to colonic perfo-
ration. CT, computed tomography.
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Figure 7 Pneumothorax during renal cryoablation. (A) CT image
shows two cryoprobes within an exophytic left renal mass in an 82-
year-old man. (B) CT image from a more superior level shows the
cryoprobes crossing the pleural space (black arrow) with a moderate-
sized pneumothorax (small white arrows). This was resolved with
overnight catheter drainage. CT, computed tomography.

Skin Burn

Skin burns have been reported following percutaneous renal
RFA with up to 1% incidence."® These occur at grounding pad
sites due to improper dispersion of the RF energy. Alterna-
tively, the ice ball created during renal cryoablation could
theoretically encroach upon the skin and lead to thermal
injury, particularly in thin patients with limited perinephric
and subcutaneous fat. Careful intraprocedural monitoring
should prevent these injuries.

Nerve Injury

Several nerves, most of which are not visible despite imaging
guidance, are at risk of injury during percutaneous renal
tumor ablation.?® Specifically, extension of the ablation
zone into the intercostal/subcostal nerves of the lower chest
or nerves of the lumbar plexus in or about the psoas muscle
may lead to sensory or motor changes. Sensory nerve injury
may manifest as pain, anesthesia, or paresthesias in specific
dermatomal or sensory nerve distributions. Motor nerve
injury may present as abdominal wall laxity, which the
patient may interpret as swelling or a hernia. Nerve injury
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is more often reported following RFA than cryoablation,
occurring in 1 to 6% of procedures.’11-23-27.28 |t j5 unclear
whether tract ablation during renal RFA or direct electrical
nerve stimulation by RF energy contributes to the risk of
adjacent nerve injury.

The risk of nerve injury may be minimized by displace-
ment techniques during ablation. Instillation of fluid or gas
into the perinephric or paranephric fat may insulate these
nerves and separate the index tumor from the body wall.?°
Similarly, manipulation of the ablation applicators may allow
manual displacement of the tumor.?

Tract Seeding

Tumor seeding of the needle or probe tract made during
percutaneous biopsy or ablation of RCC is very uncommon,
reported in far fewer than 1% of cases (~Fig. 8).1830 A more
common setting appears to be the presence of an inflamma-

tory mass along the ablation tract, which can serve as a
9,23,31

mimicker of local tumor recurrence.

Figure 8 Tumor seeding following cryoablation. (A) CT image shows
multiple cryoprobes entering through the left anterolateral abdominal
wall and anice ball (arrows) encasing a 3.5-cm left renal cell carcinoma
in an 81-year-old man. (B) Postgadolinium MR image shows an
enhancing 2-cm nodule (arrow) in the abdominal wall at the site of
prior cryoprobe placement. Biopsy confirmed metastatic RCC, and the
nodule was then successfully treated with cryoablation. CT, computed
tomography; MR, magnetic resonance; RCC, renal cell carcinoma.
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Miscellaneous Complications

Several other, less common complications have been reported
following percutaneous renal ablation. These include ileus,
hypertension, arrhythmia, myocardial infarction, cerebrovas-
cular event, pneumonia, pulmonary embolism, pulmonary
edema, and segmental renal infarction.”1123

Additional Techniques to Minimize
Complication Risk

Several techniques have already been described to minimize
the risk of a major complication related to renal tumor
ablation. Two additional procedures, specifically arterial
line placement and renal mass embolization, can also be
performed to minimize ablation risks. Arterial line placement
for hemodynamic monitoring may be warranted in cases at
relatively increased bleeding risk (i.e., large, central masses or
patients with coagulation abnormalities), with target tumors
at increased risk of hemodynamic changes during ablation
due to proximity to the adrenal gland (i.e., medial upper pole
lesions), and in patients with limited cardiovascular reserve
(i.e., pre-existing anemia, coronary artery disease history).
Furthermore, selective tumor embolization for larger renal
tumors (i.e., those greater than 5 cm in maximal diameter)
has been shown to decrease the degree of procedure-related
retroperitoneal hemorrhage as measured on CT.3?

Multidisciplinary Team

Multidisciplinary patient care, particularly involving urolo-
gists and anesthesiologists, may help optimize patient out-
comes during and after the ablation. Anesthesia management
and monitoring of hemodynamic and respiratory status is
especially warranted for medically complicated patients. In
the event of a periprocedural complication, such anesthesia
involvement may be critical for early diagnosis and manage-
ment. Similarly, taking advantage of the clinical and surgical
expertise of urology colleagues following an ablation-related
complication should best serve the patient over the short and
long term.

Conclusion

Complications following percutaneous ablation of small renal
masses are uncommon. However, knowledge of the potential
complications, associated risk factors, and techniques used to
minimize risk and treat these complications may allow
interventional radiologists and urologists to optimize peri-
procedural care.
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